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Description 



Adapter Board for Stacking 
Ball-Grid-Array (BGA) chips 

Background of Invention 

[0001] This invention relates to stacking memory chips and more 
particularly to stacking Ball-Grid-Array (BGA) chips. 

[0002] The size of Personal Computer (PC) components is con- 
stantly shrinking. Printed circuit board area is at a pre- 
mium. PC system designers look for integrated circuits 
(IC's) that have the smallest form factors so more chips 
can be placed in less board space. As PC clock speeds in- 
crease there is also the need to bring integrated circuits 
closer together to minimize signal delay between chips. 
This has led to many innovative ways to configure inte- 
grated circuits on printed circuit boards. 

[0003] Typically, memory chips are disposed on the surface of a 
substrate in a side-by-side arrangement with space left 
between to provide regions for electrical conductors for 
electrical interconnection of the chips. Chips can be elec- 



trically connected to substrate contact locations through 
chip leads located on the sides or bottom of each chip 
package. Currently, the densest packaging configuration 
for memory chips, such as Dynamic Random Access Mem- 
ory (DRAM), may be obtained through the construction of 
memory chips placed side by side on both sides of a com- 
pact Printed Circuit Board (PCB) substrate. Each side of the 
PCB and wiring layers within the PCB contain electrical 
connections that include power supply, data, address and 
control lines. 

[0004] However, the side-by-side arrangement of memory chips 
may not be the densest configuration that can be 
achieved. A better configuration might be to construct 
dense packages of stacked memory chips. This can be 
achieved through the use of adapter substrates that would 
allow memory chips to be connected on top of each other 
to construct a tower of memory. Each adapter substrate 
may sit directly on top of the next substrate with the sub- 
strate contact locations of adjacent chips aligned over one 
another. The bottom-most adapter card connects directly 
to the PCB. 

[0005] it is possible to stack some types of electronic chips on 

top of each other to gain dense configurations. For exam- 



pie, Dual-In-line (DIP) and Thin Small Outline Package 
(TSOP) chips have connector pins that come out the sides 
of the package so they can be stacked in a piggy-back 
configuration. In other cases, adapter boards must be 
used to convert one pin configuration to another, such as 
to convert pins from a TSOP package to a Pin Grid Array 
Package (PGA). 

[0006] Some integrated circuit packages allow for stacking of the 
electronic die within the package itself. For example, the 
Quad Flat No-lead (QFN) package can contain two stacked 
chips bonded back to back inside the same device. This 
type of QFN package allows each chip within the package 
to use the same pins on the QFN package lead frame. The 
QFN package lead frame has the contact pads on the bot- 
tom and sides of the package. 

[0007] However, stacking of electronic chips such as the Ball Grid 

Array (BGA) is more difficult because BGA devices have 

contact pads in an array on the underside of the package 

body, rather than around the perimeter. What is desired is 

to stack BGA chips. It is desirable to stack BGA chips in a 

piggy-pack fashion. 
Brief Description of Drawings 

[0008] Figure 1A is a side view of a bottom adapter card. 



[0009] Figure IB is a top view of a bottom adapter card. 

[0010] Figure 2A is a side view of an intermediate adapter card. 

[001 1] Figure 2B is a top view of an intermediate adapter card. 

[0012] Figure 3A illustrates the components used to connect two 
BGA devices to a PCB. 

[0013] Figure 3B shows the components of Fig. 3A with a bottom 
adapter card connected to the PCB. 

[0014] Figure 3C depicts the bottom BGA chip in contact with a 
bottom adapter card that is connected to the PCB. 

[0015] Figure 3D portrays an intermediate adapter card attached 
to a bottom adapter card that is connected to the PCB. 

[0016] Figure 3E shows a complete stack of two BGA chips con- 
nected to the PCB using an intermediate adapter card and 
a bottom adapter card. 

[0017] Figure 4 is an example of a stack of three BGA chips con- 
nected to a PCB using two intermediate adapter cards and 
one bottom adapter card. 

[0018] Figure 5 is a configuration showing a stack of four BGA 

chips connected to a PCB with multiple intermediate 

adapter cards and one bottom adapter card. 
Detailed Description 

[0019] The present invention relates to an improvement in stack- 



ing of BGA memory chips. The following description is 
presented to enable one of ordinary skill in the art to 
make and use the invention as provided in the context of 
a particular application and its requirements. Various 
modifications to the preferred embodiment will be appar- 
ent to those with skill in the art, and the general principles 
defined herein may be applied to other embodiments. 
Therefore, the present invention is not intended to be 
limited to the particular embodiments shown and de- 
scribed, but is to be accorded the widest scope consistent 
with the principles and novel features herein disclosed. 

[0020] The inventor has discovered that electronic chips with 

contact pads on the bottom of the package, such as BGA 
chips, can be connected together in a very dense stacked 
configuration. Adapter cards are placed between each pair 
of stacked BGA chips to route signals to the periphery. 
Besides the advantage of saving space, stacking BGA de- 
vices using adapter cards with peripheral lead frames al- 
lows standard BGA devices to be probed more easily for 
testing purposes. As a result, it is possible to achieve low 
cost assembly and easy testing. 

[0021] t wo different types of adapter cards are used to stack 
multiple BGA chips together: a bottom adapter card and 



an intermediate adapter card. The bottom adapter card 
connects the bottom BGA chip in a stack to a PCB and 
passes signals to upper BGA chips in the stack. The inter- 
mediate adapter card connects all BGA chips in the stack 
to one another and connects the stack to the bottom 
adapter card. An intermediate adapter card is used for ev- 
ery BGA chip above the first BGA chip in a stack. 

[0022] Figure 1A is a side view of a bottom adapter card. Bottom 
adapter card 16 can be made of a very thin polymer mate- 
rial such as fiberglass. On each major surface of adapter 
card 16 are sets of metal contacts. Top metal contacts 24 
are aligned with the BGA balls or pads found on the bot- 
tom of a BGA package. Perimeter pads 22 are aligned to 
make contact on the top with the lead frame of an inter- 
mediate adapter card. On the bottom surface of bottom 
adapter card 16, final bonding pads 21 are placed to 
make contact with pads on a PCB. 

[0023] Figure IB shows a top view of bottom adapter card 16. 
This top view shows the outline of a BGA footprint (pin 
layout) of arrayed pads of metal contacts 24. Each of 
metal contacts 24 connects to a metal trace on bottom 
adapter card 16 that leads to the one of peripheral pads 
22 on the top surface, and to a final bonding pad 21 on 



the bottom surface. Vias can connect one of peripheral 
pads 22 on the top surface with one of final bonding pad 
21 on the bottom surface. The vias can be adjacent to a 
pair of pads 21, 22 that are aligned to each other, or the 
locations of electrically connected peripheral pads 22 and 
final bonding pad 21 may not correspond or be aligned. 

[0024] a different bottom adapter card 16 is required for each 
different BGA device that has a different arrayed-pad 
footprint, since metal contacts 24 must match the BGA 
chip's pad footprint. Only the bottom BGA device in a 
stack uses a bottom adapter card 16, since bottom 
adapter card 16 connects to the underlying PCB. 

[0025] Figure 2A shows a side view of an intermediate adapter 
card. Intermediate adapter card 12 also can be made of a 
very thin polymer material such as fiberglass. On the top 
surface of intermediate adapter card 12 are sets of metal 
contacts 26. Metal contacts 26 are aligned with an array of 
BGA pads found on the bottom of the BGA package. 

[0026] Peripheral pads 42 connect to lead frame pins 28 that are 
formed out and around the edge of the intermediate 
adapter card 12. Molding 30 is a molded frame that adds 
support to lead frame pins 28. Molding 30 can be plastic 
or other material. The height of molding 30 is determined 



by the height of the BGA package. 

[0027] |_ eac | frame pins 28 make contact on the top surface of in- 
termediate adapter card 12 with peripheral pads 42. The 
bottom of lead frame pins 28 of intermediate adapter card 
12 can be soldered to peripheral pads the top surface of 
either bottom adapter card 16 or the top surface of an- 
other intermediate adapter card 12. 

[0028] Figure 2B shows a top view of intermediate adapter card 
12. Metal contacts 26 match the footprint of the BGA balls 
or pads. Each of metal contacts 26 connects to a metal 
trace on intermediate adapter card 12 that connects to 
one of peripheral pads 42 and to one of lead frame pins 
28. Intermediate adapter card 12 is used to stack multiple 
BGA devices on top of each other. 

[0029] Figure 3A shows components used to stack two BGA de- 
vices together. The components are to be stacked to- 
gether and mounted onto PCB 20. Two BGA devices 10, 
10' are to be mounted to each other as a stack. Bottom 
adapter card 16 shown in Figs. 1A-B fits under lower BGA 
device 10', while intermediate adapter card 12 shown in 
Figs. 2A-B fits between top BGA device 10 and lower BGA 
device 10'. The actual order of manufacturing steps may 
differ from the order shown in Figs. 3A-E. 



[0030] Figure 3B shows components shown in Fig. 3A with bot- 
tom adapter card 16 connected to the PCB 20. Final bond- 
ing pads 21 on the bottom surface of bottom adapter card 
16 were align to pad areas on the top surface of PCB 20. 
Solder paste could be applied to final bonding pad 21 to 
allow for soldering of bottom adapter card 16 to PCB 20. 

[0031] Figure 3C shows the bottom adapter card connected to 
the PCB and to the lower BGA device. Lower BGA device 
10' has an array of contact balls for soldering that are 
aligned with metal contacts 24 on the top surface of bot- 
tom adapter card 16. Contact balls on lower BGA device 
10' are electrically connected to PCB 20 through metal 
traces, from metal contacts 24 to peripheral pads 21 on 
bottom adapter card 16. 

[0032] Figure 3D shows the intermediate adapter card mounted 
to the bottom adapter card. The bottom of lead frame 
pins 28 are align and soldered to peripheral pads 22 on 
the top surface of bottom adapter card 16. Electrical sig- 
nals from PCB 20 are passed through bottom adapter card 
16 to reach intermediate adapter card 12. 

[0033] Figure 3E shows the final assembled stack of two BGA de- 
vices. Top BGA device 10 has an array of contact balls 50 
for soldering that are aligned with metal contacts 26 on 



the top surface of intermediate adapter card 12. Contact 
balls 50 on top BGA device 10 are electrically connected to 
PCB 20 through metal traces on intermediate adapter card 
12 that connect metal contacts 26 to peripheral pads 42, 
which connect to lead frame pins 28 to peripheral pads 22 
on bottom adapter card 16. Then vias and metal traces on 
bottom adapter card 16 connect peripheral pads 22 on 
the top surface to final bonding pads 21 on the bottom 
surface, finally connecting to pads on PCB 20. 

[0034] signals on both BGA devices 10, 10' are thus electrically 
connected through the intermediate and bottom adapter 
cards to the PCB. Note that each signal from PCB 20 trav- 
els about the same distance to a pin on either top BGA 
device 10 or lower BGA device 10'. This feature minimizes 
the signal propagation time and signal skew among the 
BGA devices 10, 10', 'etc, in a stack. 

[0035] Figure 4 shows three BGA devices in a stack. Three BGA 

devices 10, 10', 10" are connected using two intermediate 
adapter cards 12, 12' and one bottom adapter card 16. 
Lead frame pins 28 on upper intermediate adapter card 
12' are aligned with and soldered to peripheral pads 22 on 
lower intermediate adapter card 12. 

[0036] Figure 5 shows the components described in Fig. 3A that 



stack four BGA devices together. BGA devices 10, 10' , 
10", 10 m using multiple intermediate adapter cards 12, 
12', 12" and one bottom adapter card 16. Lead frame pins 
28 on upper intermediate adapter card 12 are aligned 
with and soldered to peripheral pads 22 on lower inter- 
mediate adapter card 12'. Likewise, lead frame pins 28 on 
middle intermediate adapter card 12' are aligned with and 
soldered to peripheral pads 22 on lower intermediate 
adapter card 12". 
[0037] ALTERNATE EMBODIMENTS 

[0038] Several other embodiments are contemplated by the in- 
ventor. For example, the PCB can be a DIMM board or 
other type of interface board, such as PC motherboard. 
The material used for intermediate adapter card 12 or 
bottom adapter card 16 could be a very thin polymer ma- 
terial such as fiberglass, or could be a flexible cable ma- 
terial or some other type of material that carries signals 
from one BGA device to another. 

[0039] | n Figure 1 and Figure 2 the adapter cards are laid out 

with the BGA contact pads (device footprint) laid out in a 
sequential format where the number of peripheral pads 
equals the number of pads on the bottom of the BGA 
package. However, the number of peripheral pads can be 



different from the number of BGA pads. Additional pins 
can be added for different purposes such as adding extra 
control or clock enabling signals. No-connect pins could 
have missing metal traces or otherwise disconnected. 

[0040] | n other embodiments the BGA devices can be replaced 
with other types of electronic packaging with arrayed 
balls, contacts, or pads. Alternative methods of bonding 
the chips to the adapter boards can be substituted. Alter- 
native configurations of stacking the electronic devices 
are possible. Also, the method of placing the electronic 
devices on the adapter cards could use automated equip- 
ment or manual placement. 

[0041] | n another embodiment, the footprint and layout of the 

bottom and intermediate adapter cards can be totally dif- 
ferent from one another. For example, the bottom and in- 
termediate adapter cards may have different trace layouts 
or there may be more than two adapter cards that carry 
dissimilar signals or dissimilar electronic devices in one 
stack. 

[0042] in yet other embodiments, different bonding techniques 
can be used to connect the electronic devices to the 
adapter card. For example, ultrasonic waves can be used 
to solder the devices to the adapter cards and solder of 



different melting points may be selected for different 
steps in the bonding process. The solder balls of the BGA 
packages may be spherical, hemi-spherical, or have some 
other shape. 

[0043] | n another embodiment the adapter with the lead frame 
may be connected to the adjacent adapter card using sol- 
der to make the stack mechanically rigid. In another em- 
bodiment the bottom of the adapter with the lead frame 
can be glued to the board below or it can be glued to the 
electronic device below to make the stack mechanically 
rigid. 

[0044] | n other embodiments, the electronic devices need not be 
bonded to the top of the adapter card. Instead, electronic 
devices can be flipped over on their back or sides and 
connected to the adapter cards. Other components may 
be attached at the bottom side of the adapter card to en- 
hance the memory stack performance. For example, by- 
pass capacitors, resistors, or logic devices are useful 
components to attach at the bottom side of the adapters. 
In yet other cases plated copper can be added to the bot- 
tom of the adapter cards to help thermal dissipation or as 
a ground plane. 

[0045] The steps to mount the BGA devices to the bottom 



adapter card and intermediate adapter cards and underly- 
ing PCB can occur in different orders. For example, each 
BGA device can be mounted to an adapter card, then the 
card/BGA device assemblies soldered together, finally the 
stack soldered to a PCB. Some BGA pins may be no- 
connect pins and do not have to be connected to the pe- 
ripheral pads. 

[0046] it is to be understood that the embodiments described 

above are simply illustrative of the principles of the inven- 
tion. Various other modifications and changes may be de- 
vised by those of skill in the art which will embody the 
principles of the invention and fall within the spirit and 
scope thereof. 

[0047] The abstract of the disclosure is provided to comply with 
the rules requiring an abstract, which will allow a searcher 
to quickly ascertain the subject matter of the technical 
disclosure of any patent issued from this disclosure. It is 
submitted with the understanding that it will not be used 
to interpret or limit the scope or meaning of the claims. 
37 C.F.R. Sect. 1.72(b). Any advantages and benefits de- 
scribed may not apply to all embodiments of the inven- 
tion. When the word "means" is recited in a claim element, 
Applicant intends for the claim element to fall under 35 



USC Sect. 112, paragraph 6. Often a label of one or more 
words precedes the word "means". The word or words 
preceding the word "means" is a label intended to ease 
referencing of claims elements and is not intended to 
convey a structural limitation. Such means-plus-function 
claims are intended to cover not only the structures de- 
scribed herein for performing the function and their 
structural equivalents, but also equivalent structures. For 
example, although a nail and a screw have different struc- 
tures, they are equivalent structures since they both per- 
form the function of fastening. Claims that do not use the 
word "means" are not intended to fall under 35 USC Sect. 
112, paragraph 6. Signals are typically electronic signals, 
but may be optical signals such as can be carried over a 
fiber optic line. 

[0048] The foregoing description of the embodiments of the in- 
vention has been presented for the purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the inven- 
tion be limited not by this detailed description, but rather 
by the claims appended hereto. 



